Abstract: Water-reswelling capability of pulp fibers was studied by water retention value applied to paper sheet (WRV-PS) Optimum conditions for determining WRV-PS were first examined, and the WRV-PS obtained b} centrifugation at 3000 G for 15 min can be regarded as a peculiar value for characterizing reswelling propertie: of paper sheets. Effects of beating, couching, pressing and drying in handsheet-making on reswelling capability o1 paper sheet were sensitively and clearly detected by the WRV-PS, in comparison with equilibrium moisture con tent or specific surface area. A decrease in WRVs-PS by pressing and/or drying reflected the formation of by drogen bonds of pulp fibers in paper sheet. Furthermore, the decrease in WRVs-PS or the formation of hydroger bonds in pulp fibers occurred in pressing or dried paper web at water content below the fiber saturation point Therefore, WRV-PS is widely applicable to evaluation of reswelling properties of paper sheet.
Introduction
Reswelling capability of paper sheet by moisture or aqueous solutions is significant for post-treatments such as surface sizing and coating. Reswelling treatments of paper lead to partial cleavage of inter and intra-fiber bonding and to the resultant relaxation of internal stress in paper. These changes, in turn, bring about alterations in paper sheet properties such as thickness, pore volume, roughness, etc., resulting in remarkable effects on mechanical and optical properties of paper sheet (1) (2) (3) (4) (5) (6) .
Thus, many studies have been reported for elucidating reswelling mechanisms of paper sheet and developing de termination methods of swelling degrees. Hoyland and Howarth (7) described a technique based on electric con ductivity for measuring swelling degrees of paper. Skow ronski et al. (8) presented a method for measuring the swelling pressure of paper.
As to swelling of pulp fibers, relationships between swelling degrees and paper properties have been exten sively studied. Freeness and WRV, which are practically used for evaluating swelling degrees of pulp fibers, fiber saturation points (FSPs), surface area, and others are be lieved to reflect more or less swelling degrees of pulp fi bers. FSP values determined by the solute-exclusion method was greatly influenced by pulping process, pulp yields, beating, and drying and rewetting treatments of pulp sheet (9, 10 (10, 12) . Thus, WRV is one of the suitable methods for evaluating the swelling degrees for, at least, pulp fibers under wet conditions.
In this paper, therefore, the applicability of WRV to paper sheet (WRV-PS) was first examined for evaluation of pulp fibers in paper sheet by comparison with specific surface area and equilibrium moisture content of paper sheet. Then the relationships between reswelling capabil ity of pulp fibers in paper sheet and either beating de grees of original pulp fibers or drying treatments of pa per sheet were studied in terms of formation of stable hydrogen bonds in pulp fibers during drying process. After the exchange to fresh n-pentane three times for I day soaking, n-pentane was removed from the sample by flushing a stream of dry nitrogen gas to the sample followed by drying in vacuo at room temperature for 24 h.
The nitrogen-adsorption isotherms were obtained from the relationship between pressure of nitrogen gas and weight of nitrogen adsorbed on the sample. Specific surface area of the sample was calculated, according to the Brunauer-Emmet-Teller adsorption theory (15 The effect of centrifugal force varying from 1000 to 3500 G within 15 min on WRV-PS was examined for the same paper sheet. (Fig. 2 ) WRV-PS remarkably de creased between 1000 and 2500 G, and then became constant by centrifugation at more than 3000 G. Thus, the nearly minimum WRV-PS obtained by centrifugation of wet paper sheets at 3000 G for 15 min using a centrif ugal separator in our laboratory can be regarded as a characteristic WRV-PS. This so-called equilibrium WRV, therefore, may be applicable to paper sheet for evalua tion of swelling degrees, which reflect formation of hyd.
rogen bonding or hornification.
Effects of Beating of Pulp Fibers on WRVs-PS
It is known that moisture content of paper sheet is re lated to their accessibility to water vapor, and thus these values also must reflect number or hydrogen bonds formed during drying and other post-treatments of paper sheet. Then moisture content of paper sheets prepared from pulps with various C. S. F. were examined, and Fig.   3 shows WRV and moisture content of the paper sheets versus pulp freeness. WRVs of paper sheets clearly and 3.3 WRV of Pulp and Paper Sheet Fig. 4 shows relationships between C.S.F, of the original pulps and either WRVs of the original pulps or paper sheets immersed in water for 1 and 24 h. A part of handsheets immersed in water for 24 h were disintegrated to single fibers, and WRVs of these fibers also were measured. (Fig. 4 As shown in Fig. 4 In order to prepare pulp sample with various water con tents, a pulp mat with about 5 mm thickness was formed on a glass filter, and was dried by streaming air through the pulp mat at room temperature using suction filtration. Fig. 8 shows relationship between water content of pulp and WRV of the pulp immersed in water for 1 h.
WRVs were constant for pulp with 65-87% water content, and indicating that no stable hydrogen bonds were formed in these pulp. When water content decreased below 65%, reswelling capability began to decrease. Therefore the so-called hydrogen bonds began to be formed at water content below 65%, which was probably the fiber saturation point for this paper. As shown in Fig. 8 , there are no differences of WRVs between handsheet after couching or pressing and pulp dried by streaming air.
This result indicates no effect of compression of fiber by couching and pressing on reswelling capability.
